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Dilute HCl extraction followed by gas chromatography
were used to determine the distribution and seasonal
variation of alkaloids in Crinum moorei. Significant
organ-to-organ variations were detected for the individ-
ual alkaloids crinine, lycorine, powelline, undulatine,
crinamidine, 1-O-acetyllycorine, 1-epideacetylbowden-
sine and 3-O-acetylhamayne. Alkaloids which showed
significant seasonal variations were lycorine, crinine
and undulatine.
There is a considerable interest in the Amaryllidaceae alka-
loids following the recognition of galanthamine as a clinical-
ly useful alkaloid for the treatment of Alzheimer’s disease
(Moraes-Cerdeira et al. 1997). Pancratistatin, isolated from
Hymenocallis littoralis, is another alkaloid of promise used
as an anticancer drug (Pettit et al. 1986). Although there
have been extensive chemical and pharmacological investi-
gations on the Amaryllidaceae alkaloids, research focusing
on the determination of the stage of development and organ
of maximum alkaloid content in the plants are limited
(Viladomat et al. 1986, Pettit et al. 1995). This study was
undertaken to investigate the variation in alkaloid content
between different plant organs of C. moorei
(Amaryllidaceae) on a seasonal basis.
Plants of Crinum moorei (Hook f.) were obtained from
Green Goblin Nursery in Durban and their identity confirmed
by Dr TJ Edwards, Curator, Herbarium, University of Natal
Pietermaritzburg. A voucher specimen (Elgorashi2 NU) was
deposited in this Herbarium. The collected plants were pot-
ted using a mixture of sand and compost (1:1) in the
Botanical Garden of the University of Natal. Cultural prac-
tices such as irrigation, weeding and insecticides were
applied to all plants, whenever necessary.
Sampling of plant material was carried out three times a
year, as follows: winter: the dormancy period (end of June);
spring: the flowering period (mid- December) — plants were
sampled when the flowers were fully open and before fruit
setting; and summer: early February. The study was con-
ducted during the years 1998/1999 and 1999/2000. In win-
ter, plants were separated into bulbs and roots whereas in
spring they were separated into bulbs, leaves, roots and
flowering stalks. In summer, plants were separated into
bulbs, roots and leaves. The plants were sliced and dried at
55°C to a constant dry weight. The dried plant material was
ground to homogeneous powders and kept at room temper-
ature until further analysis. The method developed by
Bastos et al. (1996) for extraction and isolation of
Amaryllidaceae alkaloids was followed with the use of cri-
nine as standard instead of deoxydihydrocodeine.
Varian 3300 gas chromatography instruments equipped
with FID and NPD detectors and a DB-5 capillary column
(30m x 0.32mm i.d. x 0.25mm film thickness, J & W
Scientific, CA) were used. The carrier gas was nitrogen at a
head pressure of 40KPa. Oven temperature was pro-
grammed at 220°C for 1.5min and increased at a rate of 3°C
min-1 up to 270°C. The programme was left at 270°C for
5min. Injector and detector temperatures were 270°C and
300°C, respectively. The injected volume was 1μl with a split
ratio of 1:15. The output was recorded using a Hewlett
Packard HP integrator.
The reference compounds (1-11) were isolated from C.
bulbispermum and C. moorei (Elgorashi et al. 1999, 2001).
The linearity of response of the reference compounds was
plotted using a concentration range between 0.2–2mg ml-1 of
methanolic solution depending on the volatility of the com-
pound. The method was sensitive to the extent that a con-
centration as low as 10μg ml-1 of crinine and epibuphanisine
could be detected.
Statistical analysis was carried out using Residual
Maximum Likelihood (REML) with Genstat 5 Release (4.1)
[Lawes Agricultural Trust (Rothamsted Experimental Station,
1998)]. REML is used for unbalanced design of an unequal
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number of treatments. In this study, the number of organs in
different seasons were unequal. Data were logarithmically
transformed, where they are not normally distributed, to
ensure normality of distribution. Wald statistics was used to
test the hypothesis of equality of all organs and seasons.
When significant, the least significant difference test was
applied to rank the different means. The experiment was
conducted using five plants at each season.
Eleven Amaryllidaceae alkaloids belonging to three ring
types were identified. Lycorine 1 and 1-O-acetyllycorine 2
represent the lycorine-type alkaloids; crinine 3, epibuphani-
sine 4, powelline 5, undulatine 6, crinamidine 7, 1-epi-
deacetylbowdensine 8, 3-O-acetylhamayne 9 and
crinamine 10 the crinine-type alkaloids while cherylline 11 is
the third ring type (Figure 1). The alkaloids were identified by
comparison of their retention times and mass spectra with
corresponding pure compounds. Their content in mg per
100g of dry plant material are given in Tables 1 and 2. The
recovery of these alkaloids from the crude extract was deter-
mined by extracting crinine (chosen for its availability) in the
same way as the alkaloids from the plant material. A recov-
ery of 97% of crinine was obtained. Lycorine was excluded
as a reference to determine the recovery of alkaloids due to
its poor solubility in most organic solvents. Its recovery from
the acidic solution may not reflect the recovery of these alka-
loids.
The highest concentration of alkaloids on a dry weight
basis was found in the leaves followed by the flowering
stalks. The highest levels of crinamidine and other crinine-
type alkaloids possessing an ethano-bridge in the β-position
and lacking a double bond between positions 1 and 2, undu-
latine and 1-epideacetylbowdensine, were found in the
leaves and flowering stalks. These alkaloids represented 86-
94% of the total alkaloid content of the leaf. Lycorine and 1-
O-acetyllycorine were found in higher concentrations in the
roots. Crinine and its derivatives epibuphanisine and pow-
Figure 1: Alkaloids identified in crude extracts of different organs of C. moorei
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elline were detected in higher levels in the bulbs. Crinamine
was a minor constituent of the bulb and the leaves in the
year 1999/2000. Cherylline was detected in similar concen-
tration in all tissues.
The levels of lycorine, crinine and undulatine varied sig-
nificantly (at 5% level of significance) during the ontogenic
cycle. During the year 1998/1999, bulbs had the highest
lycorine, crinine and undulatine content in winter. In winter,
the high levels of crinine and lycorine in the roots were sim-
ilar to those of the bulbs. The highest concentration of undu-
latine in the root was, however, obtained in summer. The
highest quantities of lycorine and crinine detected in the
leaves were in summer and spring respectively.
Contrary to the first year, bulbs had the highest contents
of lycorine and crinine in summer and had the lowest undu-
latine concentration in winter, during the year 1999/2000.
The inconsistency in seasonal variation of lycorine and cri-
nine quantities detected in the second year compared to the
first year, was also noticeable in the leaves. The leaves had
the highest quantities of lycorine and crinine detected in
summer.
Lack of a clear trend in seasonal variation in the first year
compared to the second year was also noticed in the total
alkaloids detected in each organ. Bulbs had the highest total
alkaloids detected in winter, whereas the highest total alka-
loid content of the leaves and the roots was in summer in the
year 1998/1999. In the second year, bulbs had the highest
quantities of total alkaloids in summer whereas the highest
concentration of the total alkaloids detected in the leaves
and in the roots were in spring and winter respectively
(Tables 1 and 2).
There is no information on seasonal and organ-to-organ
variation in alkaloid yield within the genus Crinum. However,
studies on ontogenic variations and distribution of alkaloids
in the family Amaryllidaceae indicated that alkaloid levels in
Hymenocallis littoralis and Narcissus assoanus were at their
lowest when the plant flowered (Viladomat et al. 1986, Pettit
et al. 1995). This study revealed that the seasonal variation
of alkaloids detected in different organs of C. moorei in the
first year of study was different from that in the second year.
This might be attributed to the high variation among plants
sampled in the same season. While some plants had high
levels of a particular alkaloid, in others these alkaloids were
not detected. In support of this, it was reported that a num-
ber of Amaryllidaceae species are self sterile and that few
viable seeds are produced after self fertilisation (Koopowitz
1986). Moreover, studies on Atropa belladonna indicated
that the contradictory results in alkaloid concentration, over
two consecutive years, were actually due to developmental
variation of heterogenous and heterozygous samples (Dhar
and Bhat 1982).
The results showed that the quantities of epibuphanisine
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Season Organ Alkaloid detected Total Yield
1 2 3 4 5 6 7 8 9 11 (mg) (%)
Winter Bulb 60.8 3.5 369.5 58.7 69.4 92.5 598.6 267.3 48.8 114.8 1 683.9 1.7
Root 129.7 89.2 111.8 13.8 7.5 39.2 143.6 47.0 10.5 60.5 652.8 0.7
Spring Bulb 44.6 5.3 85.9 1.9 22.3 60.4 199.3 34.2 1.9 38.8 494.6 0.5
Root 108.2 65.0 16.6 0.0 4.2 36.8 86.2 49.3 18.7 32.2 417.2 0.4
Leaf 23.1 0.0 152.5 34.5 17.4 26.3 1 746.7 76.9 38.1 34.3 2 149.2 2.2
Flowera 55.8 0.0 23.1 0.0 8.5 69.3 897.5 82.9 40.1 42.4 1 219.6 1.2
Summer Bulb 51.8 0.0 210.9 51.6 72.7 44.1 162.4 57.8 14.7 32.3 698.3 0.7
Root 61.8 284.0 77.8 1.7 23.7 68.4 83.3 50.4 26.0 44.3 721.4 0.7
Leaf 25.8 0.0 27.6 0.0 24.1 74.5 1 768.1 155.1 38.1 50.9 2 164.2 2.2
Flowera = flowering stalks
Table 1: Organ-to-organ and seasonal variation in Amaryllidaceae alkaloid content (mg 100g-1 dry weight) of Crinum moorei for the year
1998/1999
Season Organ Alkaloid detected Total Yield
1 2 3 4 5 6 7 8 9 10 11 (mg) (%)
Winter Bulb 79.0 11.0 284.8 88.2 128.8 35.9 250.8 41.7 19.6 0.0 43.3 982.6 1.0
Root 130.1 291.6 139.4 1.3 32.9 17.0 104.3 48.7 34.1 0.0 38.4 837.8 0.8
Spring Bulb 80.7 34.6 114.5 10.2 75.9 121.3 905.2 57.1 18.3 0.0 50.0 1 467.8 1.5
Root 37.8 20.8 19.9 0.9 3.4 13.4 112.7 25.9 1.1 0.0 25.9 261.8 0.3
Leaf 14.2 0.0 28.2 0.9 44.0 36.4 2 195.7 72.3 9.2 0.0 28.6 2 429.5 2.4
Flowera 23.8 0.0 20.8 0.0 6.3 69.4 1 909.8 127.6 21.6 0.0 39.0 2 218.3 2.2
Summer Bulb 101.8 41.0 305.5 2.7 103.0 117.8 1 221.1 42.2 24.5 7.0 68.2 2 034.8 2.0
Root 117.7 108.4 31.6 3.6 4.3 75.5 157.4 33.8 17.0 0.0 61.5 610.8 0.6
Leaf 37.1 0.0 37.9 8.5 8.5 617.6 287.8 77.4 50.4 13.5 264.5 1 409.1 1.4
Flowera = flowering stalks
Table 2: Organ-to-organ and seasonal variation in Amaryllidaceae alkaloid content (mg 100g-1 dry weight) of Crinum moorei for the year
1999/2000
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in the different organs was similar to those of crinine and
powelline. An increase in the levels of crinine was accompa-
nied by an increase in its derivatives powelline and
epibuphanisine. It appears that the plant favours the con-
version of crinine to powelline when the levels of crinine
were low. A further increase in crinine is accompanied by the
synthesis of epibuphanisine.
Acknowledgements — EEE acknowledges a PhD scholarship
awarded by DAAD. We thank the University of Natal Research Fund
and the National Research Foundation, Pretoria, for financial sup-
port. Mr H Dicks provided valuable advice and help with the statisti-
cal analysis.
References
Bastos JK, Xu L, Nanayakkara NPD, Burandt CL, Moraes-Cerdeira
R, McChesney JD (1996) A rapid quantitative method for the
analysis of galanthamine and other Amaryllidaceae alkaloids by
capillary column gas chromatography. Journal of Natural
Products 59: 638–640
Dhar AK, Bhat BK (1982) Ontogenic variability in alkaloid synthesis
and other morphological characters in five genotypes of
Belladonna. Journal of Natural Products 45: 525–531
Elgorashi EE, Drewes SE, Van Staden J (1999) Alkaloids from
Crinum bulbispermum. Phytochemistry 52: 533–536
Elgorashi EE, Drewes SE, Van Staden J (2001) Alkaloids from
Crinum moorei. Phytochemistry 56: 637–640
Koopowitz H (1986) Conservation problems in the Amaryllidaceae.
Herbertia 42: 21–25
Moraes-Cerdeira RM, Bastos JK, Burndt Jr. CL, Nanayakkara NPD,
Mikell J, McChesney JD (1997) Alkaloid content of different bulb
parts of Narcissus cv. Ice Follis. Planta Medica 63: 92–93
Pettit GR, Gaddamidi V, Herald DL, Singh SB, Cragg GM, Schmidt
JM (1986) Antineoplastic agents, 120. Pancratium littorale.
Journal of Natural Products 49: 995–1002
Pettit GR, Pettit III GR, Backhaus RA, Boettner FE (1995)
Antineoplastic agents, 294. Variations in the formation of pan-
cratistatin and related isocarbostyrils in Hymencallis littoralis.
Journal of Natural Products 58: 37–43
Viladomat F, Liabrés JM, Bastida J, Cusid, RM, Codina C (1986)
Ontogenic variation in the alkaloids of Narcissus assoanus.
Physiologia Plantarum 68: 657–661
Elgorashi, Drewes and Van Staden
Table 3: Variation of logarithmically transformed data for individual alkaloids in different seasons from different plant organs for C. moorei
Alkaloid detected
1 2 3 4b 5 6 7 8 9b 10 11
Organ Bulb 5.744ab 4.364a 6.908a 176.1a 5.734a 5.559a 7.391a 5.506ab 88.2a 4.087a 5.454a
Root 6.075a 5.975b 5.227b 8.64b 3.427c 4.676b 6.171b 5.269b 43.5a 3.990a 5.269a
Leaf 4.771c 3.966a 5.353b 103.8ab 4.336b 5.142ab 8.261c 6.027ac 160.5a 4.175a 5.441a
Flowera 5.381b 4.124a 5.249b 48.72a 4.044bc 5.866a 8.699c 6.429c 215.3a 4.084a 5.565a
SE 0.2088 0.4185 0.2943 81.24 0.3056 0.4152 0.3590 0.186 71.22 0.1215 0.1806
LSD 0.437 0.6174 0.6159 170.04 0.6396 0.869 0.7513 0.3892 149.06 0.2542 0.3779
Season Winter 5.713a 4.686NS 6.286a 192.95NS 4.856NS 4.335a 7.621NS 5.999NS 160.1NS 4.051NS 5.556NS
Spring 5.242b 4.376 5.115b 22.75 3.922 5.265ab 7.709 5.601 65.9 4.006 5.171
Summer 5.523a 4.759 5.652c 37.23 4.378 6.334b 7.561 5.823 154.7 4.195 5.570
SE 0.1228 0.2482 0.2560 87.05 0.3834 0.7090 0.4039 0.1988 71.11 0.1162 0.3137
LSD 0.2492 0.5038 0.5196 176.71 0.7783 1.4392 0.8199 0.4035 144.35 0.2358 0.6368
Means of logarithmically transformed individual alkaloid levels detected in different organs and in different seasons. Values within the same
column with the same letter are not significantly different (at 5% level of significance) from each other
Flowera = flowering stalks
SE = Standard error
LSD = Least significant difference 
NS = Not significant at 5% level of significance.
b = Original data: not logarithmically transformed
Edited by AK Jäger
